Transactional theories of communication development focus on the interplay among child, caregiver, and environmental variables. Typically, this interplay involves symmetry between receptive and expressive modes (i.e., speech), but is asymmetrical for children with complex communication needs who hear speech but use graphic symbols expressively. Aided input, during which a communication partner points to graphic symbols while talking, may increase symmetry, but it is challenging to determine which words to represent with graphic symbols to ensure adequate aided input is provided. In this study, secondary analysis of transcripts of 16 mothers who interacted with their children with typical development across 6 time points (between 9 and 15 months) revealed 267 words that comprised 80% of the 257,480 words the mothers used. This list of words that mothers used most frequently was compared to three existing lists of the expressive vocabulary used most frequently by 65 toddlers and preschoolers with typical development, indicating substantial overlap. The results suggest that there is a common set of frequently occurring words that mothers use in their daily interactions with infants and toddlers, and that these same words also comprise a significant proportion of the words most frequently used by young children. Implications for representing these frequently occurring words with graphic symbols on the communication systems of children with complex communication needs are discussed. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w O n l y
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regarding the type of words to represent with graphic symbols to increase input-out symmetry are critical.
One of the many challenges caregivers face in using aided input to support a child's receptive and expressive language development is having access to graphic symbols that represent words that are meaningful in each communication exchange. Selecting graphic symbols that are context specific works to support some interactions (Drager, Light, Speltz, Fallon, & Jeffries, 2003; Light et al., 2004) but doesn't meet moment-to-moment needs and likely narrows the child's generative understanding and use of the symbols once they are learned (von Tezchner, 2015) . Selecting graphic symbols that can be used in a variety of contexts increases the likelihood that a child will learn them because language learning in general is dependent upon frequent input and output opportunities with varied exemplars across contexts (Poll, 2011; Tomasello, 2003) . Words that are used most frequently in natural speech are employed for a variety of purposes across contexts.
Words that are used most frequently across contexts in oral and written language comprise core vocabulary (Banajee, Dicarlo, & Stricklin, 2003; Deckers, Van Zaalen, Van Balkom, &Verhoeven, 2017; Trembath, Balandin, & Togher, 2007) . Rather than specific nouns, core vocabulary is composed primarily of pronouns, verbs, auxiliary verbs, prepositions, adjectives, and determiners. The existence of words that can be characterized as core vocabulary has been confirmed through a number of studies investigating young children with typical development (e.g., Banajee et al., 2003) , mono and bilingual school-aged children with and without language impairments (e.g., Boenisch & Soto, 2015) , children with intellectual disabilities (Deckers, et al., 2017) , and adults (e.g., Balandin & Iacono, 1999) . For children who are learning to use graphic symbols to communicate, these lists often guide vocabulary selection because the words are used so widely that they offer robust flexibility in communicating for a broad range of purposes across a variety of contexts (Dennis, Erickson, & Hatch, 2013; Geist, Hatch & Erickson, 2014; Van Tatenhove, 2009 ).
Graphic symbols are intended to stand for or represent a thing or concept (Alant, Bornman, & Lloyd, 2006) . These representations vary in form and can include photographs of objects or people; colored or black-and-white line drawings; or more abstract symbols, lexigrams, or printed words (Beukelman & Mirenda, 2015) . Graphic symbols also vary with respect to their iconicity, or the degree to which they represent their referents (Lloyd & Fuller, 1990) . Symbols that represent core vocabulary are not iconic because core words are conceptually referenced and do not include nouns or other word-types that are easily represented with graphic symbols (Snodgrass, Stoner, & Angell, 2013) . As a result of this limited iconicity, core words are not often selected as the focus of an initial lexicon for children who must learn to use graphic symbols to communicate (Schlosser, 2003) .
It is the case, that, in the absence of instruction or experience, iconicity influences a child's ability to understand and use a graphic symbol (Simcock & DeLoache, 2006) ; however, general experience with pictures, understanding of the words that symbols represent, understanding of the intent of the person using the symbol, and specific instruction in how to use the symbol, have a greater impact and can mediate success with graphic symbols that lack iconicity (Stephenson, 2009 ). In addition, iconicity has less influence on very young children who are learning the meaning and use of graphic symbols than it does on older children who have an understanding of symbolic representation (Namy, 2001; Namy, Campbell, & Tomasello, 2004) . In other words, there is reason to believe that providing parents with a set of graphic symbols that represent the words they use most often in their child-directed speech, and Beukelman, and Bilyeu (1994) in their studies of words that older toddlers and preschoolers used most frequently in their expressive communication across a variety of contexts as described in the sections that follow.
Maternal Vocabulary
For the Brent corpus, 16 mothers were recruited through advertisements in a free newspaper distributed in and around Baltimore Maryland. The education levels were one master's degree, six bachelor's degrees, six some years of college, two high school degrees, and one unreported. The mother-child dyads were recorded at home approximately every 2 weeks when the children were between 9 and 15 months of age. During the recordings, mothers were asked to maintain their normal routines, with the exception of avoiding activities that included media (e.g., TV, radio) or long telephone conversations. Each session was 90-120 min in length, and the middle 75 min were originally transcribed and coded using Computer Language Analysis (CLAN; MacWhinney, 2000) . The Brent corpus included a total of 179 samples, and the number of samples for each mother-child dyad ranged from six to 14. For the current investigation, the first six samples of each dyad were used, for a total of 96 samples. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w O n l y
Child Vocabulary
Three existing word lists were used to compare the words mothers used most frequently with the words children used most frequently. The first list was generated by Banajee and colleagues (2003) from the language samples (150 utterances each) of 50 toddlers (34 were girls) with typical development aged 24 to 36 months. The children had been recruited from five different preschools, and language samples were collected during two different activities (play and snack). The second list was generated by Marvin and colleagues (1994) from the language samples of 10 preschool-aged children with typical development (range: 48 to 62 months), including three females and seven males. The samples for Marvin et al. had been collected during 2-to 2.5-hr of naturally occuring interactions at home and school. The third list was generated by Beukelman and colleagues (1989) from 3000-word language samples collected from six pre-school-aged chilren with typical development (range: 44 to 57 months) as they engaged in typical interactions at school.
Procedures
Cleaning and coding maternal transcripts. The original transcripts of mother-child interactions that served as the source material for Brent and Siskend (2001) were downloaded into spreadsheets. These spreadsheets were then processed using scripts in the data analysis package Pandas (McKinney, 2010), a module found within the Python 3.6 (Python Software Foundation, 2016). Pandas supports text-based analysis of large data sets and supports the identification and coding of lexical items that were spoken, sung, or cited so they could be grouped together for separate analysis. Spoken lexical items were stripped of extraneous punctuation, standardized as lower-case, and broken apart using standard white space based tokenization. and nonwords) was reviewed by two researchers to exclude the following: utterances of other adults (n = 1,373 tokens), unintelligible utterances (n = 2,575 tokens), letters (e.g., abc; n = 343), and proper names of children or adults in the sample (e.g., Emily; n = 3,749 tokens). Then a twostep process was completed to determine whether the remaining tokens would be coded as words and included in further analysis. This process first involved checking each token in the Educators' Word Frequency Guide, which provides an indicator of both the frequency and dispersion of words in written English in texts at the primary and secondary levels (Zeno, Ivens, Millard, & Duvvuri, 1995) . Tokens that did not appear in this resource were manually entered into the Merriam-Webster online dictionary (https://www.merriamwebster.com/). Those tokens that could not be found in either resource were coded as nonwords (e.g., "mooshieboos"; n = 1,684 tokens) and removed from further analysis. Tokens that were found in one or both resources were coded as words.
Data analysis. Frequency counts were generated for each word in the maternal transcripts based on its occurrence across all session transcripts. Relative frequency was calculated for each word by dividing the frequency count of each word by the total number of words in the composite sample. After rank ordering the words on the basis of their relative frequency, cumulative frequency was calculated by adding the relative frequencies of a given word and all words with a greater relative frequency. A commonality score of 1 to 16 was assigned to each word, reflecting the number of mothers who produced the word one or more times. After the data were analyzed to determine the most frequently occurring words with the highest commonality scores in the maternal transcripts, each word was associated with a binary coding (1 for success, 0 for failure) to describe whether the word was also found on one or more (Banajee et al., 2003; Beukelman et al., 1989; Marvin et al., 1994) .
Results

Analysis of Maternal Input
The secondary data analysis began with an examination of the maternal input of the 16 mothers drawn from the Brent corpus (Brent & Siskend, 2001 ). For each session, an analysis of the language transcript was completed with CLAN, using a variety of word and sentential measures. For all 16 mothers, the average of each measure (i.e., mean number of utterances, mean length of utterance -words, mean length of utterance -morphemes, number of total words, number of different words, type-token ratios) was computed across six sessions (see Table 1 ). There was a great deal of variety in the amount of maternal input. During the 75-min transcripts, the total number of utterances ranged from approximately 250 to 1400. While there was also a wide range in the total number of words used in each session (approximately 850 to 5,600), across the sessions, there was a substantially narrower range in the total number of different words (nearly 200 to 600).
Insert Table 1 about here The process to identify the real words among the tokens resulted in a total of 257,480
words, including 5,187 different words. Using the criteria outlined by Trembath and colleagues (2007), core vocabulary was defined as words in the composite sample that occurred with a relative frequency of at least 0.5 per 1,000 and were used by at least half of the participants (i.e., n =  8). These criteria resulted in a list of the 267 most frequently occurring words (5.1% of the Importantly, the relatively small set of core vocabulary words composed most of the total words in the composite sample. The multiple uses of the 267 most frequently occurring words represented 80.15% of all of the words (See Figure 1) . Furthermore, approximately one-third of the composite language sample is represented by the 25 most frequently occurring words, nearly one-half is represented by the 50 most frequently occurring words, and two-thirds is represented by the 125 most frequently occurring words (See Table 2 ).
Insert Table 2 and Figure 1 about here A list of the most frequently occurring words, including their relative frequency of occurrence and commonality score, is reported in Appendix A (online Supplemental only). As evidenced by the commonality scores, the most frequently occurring words were also used by most of the mothers. Approximately 65% (n = 173) of the most frequently occurring words were produced by all 16 of the mothers in the sample, and 93% (n = 248) were produced by 13 or more mothers.
Comparing Maternal and Child Word Lists
The second part of the secondary data analysis compared the most frequently occurring words from the 16 mothers drawn from the Brent corpus (Brent & Siskend, 2001 ) to the most frequently occurring words of young children drawn from each of three studies (Banajee et al., 2003; Beukelman et al., 1989; Marvin et al., 1994) . There was considerable overlap between the most frequently occurring words produced in the infant-directed speech of mothers and previous word frequency studies of young children's expressive vocabulary use. For example, the 23 words used most frequently by toddlers in the study reported by Banajee and colleagues appeared in the composite sample from the mothers, with more than 90% overlapping with the vocabulary the mothers used most frequently. The only words that appeared in the most frequently occurring set of words identified by Banajee and colleagues that were not used frequently by the mothers from the Brent corpus were "finished" and "mine." Similarly, 238 of the 250 core words used most frequently by preschoolers in the study by Beukelman and colleagues appeared in the composite sample from the mothers, and nearly two-thirds of the words in Beukelman et al. overlapped with the words mothers used most frequently. Over half of the discrepancies between these two word lists were due to the inclusion of participants' names in the study by Beukelman and colleagues. Finally, 324 of the 332 words used by preschoolers in the study by Marvin and colleagues appeared in the composite sample of maternal vocabulary from the Brent corpus, with a little more than one half of those words overlapping with the most frequently occurring words produced by mothers. Direct comparisons of the most frequently occurring words across the four studies are illustrated in Table 3 .
Insert Table 3 about here
Discussion
This study sought to identify and describe the words used by mothers when engaged with their infants and toddlers. The use of the existing CHILDES database resulted in a composite sample that was robust in size and included more than 250,000 words. Consistent with other studies of parental input (Hart & Risley, 1995) , there was considerable variation in the quantity of input across the 16 mothers drawn from the Brent corpus for analysis in the current study.
Nevertheless, the range in the number of total words (averaging 303.83 to 1177.67 per sample) was far greater than the range in the number of different words (240.50 to 521.00 per sample).
Mothers with the highest number of total words averaged nearly four times more words than word density (i.e., total number of words) has also been reported for parents interacting with older infants, toddlers, and preschoolers (Rowe, 2012) .
A substantial proportion of the total words in the composite sample was represented by a relatively small set of words. The 267 most frequently occurring words comprised approximately 80% of the words used by mothers in their child-directed speech. These findings are consistent with previous studies that report a core vocabulary of approximately 200 to 300 words accounting for 80% of the language samples, whether investigating preschoolers (Beukelman et al., 1989; Marvin et al., 1994) , school-age children (Boenisch & Soto, 2015) , or adults (Balandin & Iacono, 1999) . The most frequently occurring words were also common to most if not all the mothers in this sample. Of the 267 high-usage words, 173 were common to all mothers and 248 were common to 13 or more mothers. Higher consistency of use among more frequently occurring words has also been reported in word studies among preschoolers (Beukelman, et al., 1989) and adults (Beukelman, Yorkston, Poblete, & Naranjo, 1984) .
There was a great deal of overlap between the words mothers in the Brent corpus used most frequently and those used most frequently by young children in other studies. The greatest overlap with the mothers occurred with the 23 most frequent words used by toddlers between 24-36 months of age (Banajee, et al., 2003) . The considerable overlap between maternal input just prior to the one-word stage and children's vocabulary usage at the one-to three-word stage of development is not surprising. It is to be expected that those words that children encounter more frequently in interactions with primary caregivers would be more heavily represented among the (Beukelman et al., 1989; Marvin et al., 1994) with those of mothers from the Brent corpus, more than half to nearly two-thirds of the most frequently occurring words were common across studies. Words on the maternal core vocabulary list that did not appear in the children's most frequent vocabulary lists primarily included the following categories: colloquial contractions ("wanna", "gotta"), social pragmatic conventions ("thank you", "sorry"), backchannels ("mhm", "uh-huh"), onomatopoeia ("boom", "whee"), content specific nouns ("mouth", "outside"), content specific verbs ("read", "walk"), and adjectives ("pretty", "silly").
Thus, while considerable overlap occurs between the most frequently used words in maternal input and preschooler output, there are still numerous differences between the lists.
Implications for Practice
Among children with complex communication needs, vocabulary selection for aided AAC has almost exclusively been driven by consideration of expressive language needs.
However, receptive language is critical to expressive language development and should play a role in determining an initial lexicon for parents and clinicians to use when providing aided input to young children. The results of this study suggest there is a set of frequently occurring words that mothers use with their prelinguistic children who are typically developing that overlaps with the words young children who are typically developing use most frequently in their expressive language. While caution is always advised when applying developmental information from children with typical development to children with complex communication needs, this study provides a beginning place for guiding vocabulary selection that is theoretically congruent with a transactional model of language development. It is well established that both the quantity and quality of parent vocabulary input have a significant influence on the language development of children who use natural speech (Hart & Risley, 1995; Rowe, 2012) . Nevertheless, different aspects of input differentially influence language acquisition over the course of development, with quantity serving a more influential role during the emergence of symbolic communication, and diversity serving a more critical role over the third year of life (Rowe, 2012) . This study revealed that, while the mothers did use some concrete or content specific words (e.g., "kitty", "book", "toy") they were dramatically outnumbered by words that are used flexibly across a range of contexts and communication partners (e.g., "you", "here", "go"). If vocabulary selection for aided input using graphic symbols with beginning communicators includes the words adults use most frequently in child-directed speech, caregivers might provide more meaningful, relevant, and frequent models of graphic symbols use throughout the child's day. Therefore, these flexible and non-specific core words may optimally facilitate high input levels that best support early language development. The goal of aided input with graphic symbols, and parental language models in general, is to provide input that is maximally useful for scaffolding children's behaviors into successful communication acts, and to build a language system. This means that the most frequent words used by both mothers and young children may be particularly valuable for supporting both receptive and expressive language among children with complex communication needs.
Nevertheless, a considerable number of the most frequent words that mothers use with their prelinguistic infants identified in the present study are not found among the published core vocabulary lists of preschool children; however, they may have a critical influence on the longterm communication and language development among children with complex communication needs (Rowe, 2012) . Therefore, including both the overlapping maternal-child core vocabulary as well as vocabulary that is specific to mothers on the aided AAC systems of beginning communicators may better support the comprehensive, long-term goals of communication and language development among children with complex communication needs.
Iconicity.
One challenge inherent in representing core vocabulary on an aided AAC system for a beginning communicator is iconicity. Graphic symbols representing content words, especially nouns, tend to have high levels of iconicity because they can easily represent their referents, but graphic symbols have much lower levels of iconicity when used to represent more conceptually-referenced words (Snodgrass et al., 2013) . As a result of this lower iconicity, children may not immediately recognize the meaning of symbols that represent core words (Light, 2016 understanding of the intent of the person using the symbol, and specific instruction in how to use graphic symbols, have a greater impact than iconicity itself in supporting children in learning to use graphic symbols (Stephenson, 2009) . Given that words classified as core words are used more frequently than other words, experience can mitigate challenges imposed by limited iconicity.
Limitations and Future Directions
While this study provides an important first step into better understanding the vocabulary used in child-directed speech, several limitations should be considered when interpreting and applying the results. First, the literature regarding the most frequently used words of young children with typical development is both sparse and dated, with the available lists used in the current comparison ranging from 15-to 29-years-old. Similarly, the maternal input dataset used in the current analysis is dated; however, the focus on word frequency across both child and maternal lists all but eliminates the content words that are subject to variation with time and place. Therefore, it is believed that the current findings provide a meaningful first look at the words mothers use most frequently in their child-directed speech and how those words overlap with the words young children with typical development use in their expressive communication despite the age of the data sets.
A second limitation rests in the use of data sets that involve children with no known disabilities. Differences may exist in the interactions that occur between parents of children with and without disabilities that could influence vocabulary use (Majorano & Lavelli, 2014) . In fact, it is well established that maternal input is influenced by child factors such as the child's language ability, intelligibility, cognition, and behaviors (Ciciolla, Gerstein, & Crnic, 2014; Sterling & Warren, 2014; Sterling, Warren, Brady & Felming, 2013) . However, finding a way to This study is also limited by the use of existing data from mother-child dyads and unrelated preschool-aged children. The children who were the source of the preschool-data in the current study never interacted with the mothers whose transcripts were analyzed. Future research should follow parent-child dyads longitudinally to determine how the words parents use in infancy relate to the words their children use through the preschool years.
Conclusion
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